O ver the past 25 years, increased prescribing of opioids has led to an epidemic of opioid abuse, diversion, and overdose throughout the United States. 1 From 1999 to 2016, the Centers for Disease Control and Prevention (CDC) has estimated that more than 200 000 people died from overdoses related to prescription opioids. 2 As both federal and state agencies work to develop strategies to address this epidemic, a more nuanced understanding of the drugs involved that lead to greater mortality will allow the development of focused and specific interventions.
On a national level, the National Vital Statistics System (NVSS) is the most widely cited and referenced data set used to identify nationwide trends in cause-specific mortality. 3 The NVSS multiple cause-of-death mortality files originate from state and territorial health departments, are centralized and maintained by CDC (released annually), and provide data on demographic, geographic, and cause-of-death information across the United States. 4 Because all deaths are legally required to be included, this data source is considered a complete case accounting of mortality in the United States. Literal causes of death from death certificates are assigned primarily by local medical examiners and coroners, and cause-of-death information in NVSS has been aggregated by using the International Classification of Disease, Tenth Revision (ICD-10), codes since 1999. 5 Although these data are the most comprehensive mortality data available, some shortcomings include the lack of real-time data availability with a typical lag time of 1 to 2 years after the close of the calendar year, inability to obtain greater context for individual cases within the larger set of data, and lack of product specificity. As the US Food and Drug Administration seeks to provide more useful regulation and guidance regarding prescription opioids, product-specific information is crucial to guiding decisions. In addition, more detailed and specific data are needed to understand the root cause of prescription opioid deaths. Although less comprehensive in some regards, data from other sources may be more specific and more rapidly available. One example is the nationwide network of poison centers that gather data on spontaneous reports of exposures and acute medical events such as overdose and death. 6 Poison center cases are classified into 2 major types: information cases and exposure cases. Information cases are those in which the caller is looking for information, but no substance has been consumed. Not surprisingly, in recent years, a good portion of information cases have gone silent, with traffic directed to the Internet instead leading to the observed decline in overall call volume to US poison centers. 7 On the other hand, exposure cases are those in which actual or suspected contact with a substance that has been ingested, inhaled, absorbed, applied to, or injected into the body, regardless of toxicity or clinical manifestation. Exposure cases are further divided into human and animal exposures. Furthermore, human exposures can be classified into pharmaceutical and nonpharmaceutical exposures. Analgesics comprise one of the largest categories of pharmaceutical exposures. The analgesics category represents about 20% of all poison center cases within the pharmaceutical exposures category, including acetaminophen, aspirin, ibuprofen, and prescription opioids. 8 Given the importance of gaining a better understanding of prescription opioid deaths, we compared the rates of prescription opioid exposures and deaths from US poison centers to the mortality rates reported by NVSS. A previous analysis showed a strong correlation between methadone overdose deaths and poison center intentional exposure cases in 2006 to 2007 in a subset of poison centers. 9 To update and extend this analysis, we set out to determine the level of association between poison center calls and overdose deaths. We hypothesized that the poison center data would accurately correlate with CDC data while also containing a more nuanced report of the events and substances used surrounding the death.
METHODS
We included 2 data sources in this analysis, the NVSS multiple cause-of-death mortality files and the Researched Abuse, Diversion and Addiction-Related Surveillance (RADARS) System poison center program.
Data Collection
We extracted the NVSS multiple causeof-death mortality files by using the Wide-ranging Online Data for Epidemiologic Research (WONDER) apparatus for 2006 to 2016. 10 These files contain the official national statistics for deaths reported to vital registration systems across the United States and territories. Drug overdose deaths were classified according to the ICD-10 underlying cause-of-death codes: X40-44 (unintentional), X60-64 (suicide), X85 (homicide), or Y10-Y14 (undetermined intent). 3 Among the deaths with drug overdose as the underlying cause, the type of opioid involved was defined by the following ICD-10 multiple cause-of-death codes: heroin (T40.1); natural and semisynthetic opioids (T40.2), which includes hydrocodone, oxycodone, morphine, and other commonly used analgesics; methadone (T40.3); and synthetic opioids, other than methadone (T40.4). The last category includes fentanyl and its analogs, but does not differentiate between pharmaceutical and illicitly manufactured sources (e.g., as an adulterant in heroin); this category also includes buprenorphine and tramadol (Table A, available as a supplement to the online version of this article at http://www.ajph.org). Deaths involving more than 1 type of opioid were included as a single case in the rates for each category.
The RADARS System is a real-time surveillance system that measures prescription drug abuse and diversion for specific products across the United States. The RADARS System poison center program studies acute health events as reported by the general population, caregivers, and health care providers regarding potentially toxic exposures.
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As of December 2016, the RADARS System poison center program collected data from 50 regional US poison centers in 48 states, including urban, suburban, and rural regions (providing coverage for more than 93% of the US population), and subjected the call data to extensive manual data quality review to reduce misclassification of exposure (e.g., instances where a reported substance was not reported, correcting product misclassification) and outcomes, as has been previously described. 12 The poison center program is able to identify the specific product in 80.1% of natural and semisynthetic opioid case mentions.
Trained specialists (primarily nurses and pharmacists) at each center collect data by using a nationally standardized electronic health record. An exposure case is defined as any case in which a patient has been exposed to the substance of interest, whether the exposure was intentional or accidental; this is in contrast to mortality data where "intent" is used to describe the intent of death (e.g., suicide vs accidental). A direct death case is defined as a poison center case in which the patient died as a result of the exposure or a direct complication of the exposure, with a fatality verification performed as required by National Poison Data System guidelines. 13 Both exposure and direct death cases from the poison center program were classified by the same ICD-10 categories used for the NVSS deaths from 2006 to 2016 (Table A, available as a supplement to the online version of this article at http://www.ajph.org). Any case in which more than 1 category of opioid was involved is counted as a single case in rates for each category.
Analysis
We performed all statistical procedures with SAS version 9.4 (SAS Institute Inc, Cary, NC). We utilized annual data from 2006 through 2016; we chose 2006 because of limited data availability within the poison center system before that time. We excluded poison center cases with confirmed nonexposures by manual review from the analysis. Numerators were case counts from poison center exposure rates and direct death rates, calculated separately. We based denominators for population adjustment on the population of the United States within the coverage area of participating poison centers, and it is an average of the population within each applicable year, with resulting rates scaled by 100 000 population. We based population estimates on the 3-digit zip code tabulation area population in 2000 and 2010. We used linear interpolation and extrapolation to estimate population between 2000 and 2010 and after 2010. We then calculated a Pearson correlation coefficient (r) comparing each respective poison center population rate with the NVSS rate per 100 000 population. Because deaths attributable to synthetic opioids and heroin had a large increase from 2014 to 2016, we conducted a posthoc sensitivity analysis excluding death cases that involved either heroin or a synthetic opioid in addition to another opioid.
RESULTS
There were 564 180 exposure cases reported to RADARS System poison centers for the opioids of interest from 2006 to 2016; 2275 were direct deaths. There were 198 274 opioid-associated deaths reported during the same time period nationally by NVSS. Approximately 1% of all opioid-associated deaths nationally were reported by RADARS System poison centers as direct deaths.
RADARS System poison center call rates were higher than NVSS mortality rates for all prescription opioids (ICD-10 T40.2, T40.3, and T40.4) combined, and for synthetic opioids (T40.4) and natural and semisynthetic opioids (T40.2) individually (Table B , available as a supplement to the online version of this article at http://www.ajph.org). Methadone poison center case rates were slightly lower than NVSS mortality rates. Given the dramatic rise in heroin use as well as the increase in illicit synthetic opioids such as fentanyl from 2012 on, we hypothesized that polysubstance cases involving either heroin or a synthetic opioid and a prescription opioid might account for the divergence seen between poison center and NVSS trends around this time. We performed a sensitivity analysis in which we adjusted the data to remove polysubstance cases also involving heroin or a synthetic opioid. When we removed these polysubstance cases, the correlation between poison center exposure and NVSS mortality rates for all prescription opioids combined (T40.2, T40.3, and T40.4) increased markedly (r = 0.87; Figure 1 For natural and semisynthetic opioids (T40.2), removing polysubstance cases also involving heroin or a synthetic opioid again markedly increased the correlation for poison center exposure rates and NVSS mortality rates (r = 0.36; Figure 3 ). Poison center direct death rates showed a similar pattern with r = 0.44 when we excluded cases also involving heroin or synthetic opioids ( Figure C , available as a supplement to the online version of this article at http://www.ajph.org). For methadone (T40.3), removing polysubstance cases also involving heroin or a synthetic opioid had minimal impact on methadone poison center exposure rate and NVSS mortality rate correlations (r = 0.92). Trends for poison center direct death rates were similar, with r = 0.92 when we excluded cases also involving heroin or synthetic opioids (Figure 2 ).
DISCUSSION
The NVSS mortality rates and the poison center program exposure and direct death rates showed similar time trends from 2006 through 2012. Methadone data showed excellent correlation for the entire 11-year study period while all prescription opioids combined, natural and semisynthetic opioids, and synthetic opioids showed very similar time trends between poison center and NVSS data for 7 years and then diverged. After 2012, poison center data continued to show flat to declining exposure and death rates for all 3 groupings of ICD-10 toxicology codes, while NVSS data began to show rapidly rising crude mortality rates.
The timing of divergences between NVSS and the poison center program results may help identify potential causes. Dramatic increases in both heroin and illicit synthetic opioids were seen around 2012 to 2013. 14 Within the ICD-10 T40.4 synthetic opioid group, fentanyl and other synthetic analogs are included. During this time, there was no significant increase seen in outpatient pharmaceutical fentanyl drug dispensing. 15 However, reports of illicit fentanyl seizures by law enforcement as well as overdose presentations and deaths associated with fentanyl increased dramatically. 16 One possible explanation for the difference between NVSS and poison center program rates after 2012 is the contrasting methods used for identifying substances involved in a death. Poison center program data often provide enhanced resolution compared with causes of death reported on death certificates. Individual calls and case notes for cases reported to the poison center program include specific details regarding the type, and often name brand, of the opioid used, how it was obtained, and details surrounding the time of use that may allow the poison specialist on the call to categorize the product and the associated exposure or death in a more specific way than allowed by the aggregate classifications of ICD-10 codes.
In contrast, NVSS data are limited by the level of detail submitted to NVSS by coroners and medical examiners. 17 Typically, this information will include the active pharmaceutical ingredient involved in a case, but lacks specific product identification because postmortem sampling can establish the chemical identity, but not the specific formulation or product (e.g., oxycodone vs OxyContin). Furthermore, death certificates do not provide information regarding the context surrounding the drug's use. Without additional information about a specific case, fentanyl obtained through a prescription and illicitly manufactured fentanyl are indistinguishable from one another in a postmortem laboratory analysis result. The CDC has noted this major limitation to NVSS data and has suggested removing synthetic opioids from estimates of prescription opioid deaths.
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Poison center program data for synthetic opioids may be more specific when the data include only prescription synthetic opioids, and therefore be lower than the nonspecific synthetic opioid rates reported in NVSS. A second possible explanation for divergence between NVSS and poison center program rates noted after 2012 is the rising rate of heroin abuse. 19 Many individuals who misuse and abuse opioids use more than 1 opioid at a time, and this includes rising rates of heroin coabuse. 20 Natural and semisynthetic prescription opioids (T40.2) account for the majority of opioids prescribed in the United States. 21 As a consequence, it is likely that these are also the opioids most often used simultaneously with heroin. When we removed cases in which both heroin or synthetic opioids and other prescription opioids were listed as causes of death, and examined cases in which only natural and semisynthetic opioids were listed, we found a higher correlation between NVSS mortality rates and rates of exposure reported to poison center programs. This suggests poison center program data may be better able to discriminate between cases in which heroin has played a role, whereas NVSS data may be confounded by polysubstance deaths that obscure the decrease in isolated prescription opioid deaths. The correlation also shows that broad trends seen in poison center program data reflect the mortality trends seen in NVSS data well when the data are appropriately matched.
Correlations were higher between NVSS mortality rates and rates of exposures reported to the poison center program than rates of direct deaths reported to the poison center program for all prescription opioids combined. One potential reason for the higher correlation with exposure rates than direct deaths may be the relatively small number of opioid-related deaths reported directly to poison centers. 22 Many of these deaths occur outside of health care facilities, and the patient may have died before a bystander was able to contact a local poison center. Poison center exposure case rates, however, may be a much more useful measure of the amount of an opioid drug available in the community and, therefore, the overdose risk associated with that drug.
Limitations
Both NVSS mortality data and poison center program data have significant limitations. As mentioned, NVSS mortality data are limited to what is available on death certificates. The data included, as well as what testing is used to determine causes of death, are widely variable by state and even county. 23 These data lack additional context. The NVSS data are also published on a delayed basis, and toxicological results of autopsy investigations occurring later in the calendar year may not be reported as thoroughly as earlier in the calendar year.
Poison center program data are limited by spontaneous reporting, and represent only a subset of all possible cases. In particular, death cases are reported to poison centers much less often than exposures, and pharmaceutical opioid exposures are reported to poison centers more often than heroin exposures. 7 However, previous work has shown that poison center heroin exposures show remarkably similar patterns when compared with NVSS deaths. 7 In addition, poison center program data have broad geographic coverage within the United States, are reported in real time, and are available in a more timely manner than NVSS data. 11 Finally, mortality data are influenced by state-level practice variations in conducting and interpreting postmortem toxicology assays, giving rise to misclassification bias. During the study period, there were multiple efforts to improve reporting for overdose deaths, intending to increased overdose case detection and reporting. 24 In contrast, poison centers had nationally standardized and consistent reporting guidance and trainings throughout the study period, and this form of bias is likely to be lower in poison center data.
In addition, many states first started assaying for fentanyl analogs in 2013 and later, after the recognition of the emerging phenomenon; these deaths would have been solely classified as heroin overdose deaths before these assays were being used consistently, as supported by our sensitivity analyses. This time variation in medical examiner practice represents a form of diagnostic suspicion bias (a type of confirmation bias) in mortality data whereby medical examiners may be more likely to assay for specific compounds if that substance is known to be popularly abused or of emerging concern, as has been previously suggested. 25 The identification of similar trends by both NVSS and poison center program data may be useful in the future. Poison center program data may provide an early warning system to identify specific drugs and categories of drugs that are likely to cause harm, and allow for intervention before availability of NVSS mortality data. Detection of a new increase in exposure calls related to a specific product may be a useful signal detection tactic to allow rapid investigation of the cases reported, ways in which that product is being used, and associated complications. In addition, the increased specificity of poison center data may allow more targeted interventions toward specific opioids rather than inform concerns about broad categories of opioids. In particular, our data suggest that the greatest threat to public health stems from heroin and synthetic opioids.
Although a focus on safe opioid prescribing remains extremely important, redirection of resources toward interventions to have an impact on illicit opioids is also crucial. Increased availability of bystander naloxone, community training in its use and overdose recognition and prevention, use of harm reduction networks to increase awareness and safe use practices in communities of people who inject drugs, and increased street testing for synthetic opioids have much greater potential for immediate mortality reduction. However, NVSS data provide the most definitive populationbased estimate of mortality prevalence. As a consequence, these 2 data sets may provide complementary data in cases in which they diverge from one another. Utilization of and comparison between both data sets may allow for more effective public health interventions. Future directions for research include standardizing demographic characteristics of decedents to match the 2 data sources to derive methods for improved surveillance.
Conclusions
The NVSS mortality rates and exposure rates reported to the poison center program show very similar trends from 2006 through 2012 for all categories of opioids. Divergences between the 2 after 2012 may be explained by rising rates of heroin abuse as well as illicit fentanyl abuse, which are discriminated by the poison center program but not by NVSS. When cases involving heroin and synthetic opioids such as fentanyl are excluded, NVSS mortality rates are highly correlated to both exposure and direct death rates reported to the poison center program. These adjusted trends also show that deaths attributable to prescription opioids alone are indeed decreasing despite contradictory CDC reports. Data from poison centers may provide more detail (including product specificity) and be available in a more timely fashion than national mortality rates, while still providing similar patterns of broad trends over time. 
